Introduction
Spinal epidural lipomatosis (SEL) is a rare condition, characterized by the excessive deposition of normal unencapsulated adipose tissue in the surrounding epidural space of the spinal canal, leading to spinal compression [1] . Although rare, it has been suggested that the main cause of symptomatic SEL is the use of exogenous steroids, as first described by Lee et al. [1, 2] . Since SEL causes compression on the spinal cord, it can produce symptoms that are indistinct from those of spinal stenosis and degenerative spine disease [1] . Since that time, awareness of this condition has increased among clinicians, leading to the diagnosis of more cases, with the aid of imaging coupled with clinical features [1] . Symptoms depend mainly on the level of compression in the spinal cord [3] . SEL is more common in males than in females, with a ratio of 3:1 (i.e., 75% of SEL reported cases involve male patients) [4, 5] . In SEL reported cases, it has been found that the mean age for the occurrence of SEL is 43 years. How-ever, there is a tendency for this disease to occur in younger male patients [4, 5] .
We report a case of idiopathic SEL in a healthy, non-obese, slim adolescent, affecting the thoracic region, including his clinical and imaging features, by which the patient presented for treatment in our academic center. We will discuss the current trends in the diagnosis and treatment of SEL with a review of the literature.
Case report
A 16-year-old high school male student was admitted to King Abdulaziz University Hospital with complaints of progressive weakness and ascending numbness of the lower limbs. This student is a healthy professional basketball player, who had been experiencing difficulty jumping over the course of one year. The weakness progressed gradually in an ascending fashion to involve the lower limbs. His presenting paraparesis was followed, a few months later, by a progressive ascending numbness in the lower limbs as well. His symptoms had worsened rapidly over the period of three months preceding his admission to our hospital, to the extent that he had difficulty in urination and became confined to a wheelchair. His past medical history was negative, with no history of drug intake, particularly corticosteroids. Over the course of the year prior his admission, he was evaluated in several clin- ics using electrophysiological and magnetic resonance imaging (MRI) studies and cerebrospinal fluid analysis, which were reported within normal. Several working diagnoses were proposed, including ascending motor paralysis, transverse myelitis, and tropical myelitis.
Physical examination on admission revealed a well-nourished male patient who weighed 60 kg and measured 160 cm tall (body mass index of 24). There was no spinal deformity; one café au lait spot measured 10 mm in the lower thoracic region was noted. There was marked plantar flexion deformity of his feet with an associated hyperextended inverted toe. Neurological examination of his cognitive function and cranial nerves were within normal ranges. Motor examination of the lower limbs revealed a significant hypertonia and weakness, which were mostly distal with grade 2-3 and 4 proximal. He had bilaterally hyperactive deep tendon reflexes in the lower limbs with Babinski signs and sustained ankle clonus. Sensory examination revealed hypoesthesia and impaired proprioception in lower limbs, with decreased sensation up to the level of the 5th thoracic dermatome. The motor and sensory examination of the upper limbs was normal.
On investigation, routine laboratory blood tests including complete blood count, liver function, and renal function analysis were within normal ranges. A repeat MRI study of the thoracic spine revealed marked compression of the spinal cord from a large dorsally located extradural mass extending from the T-4 to T-12 vertebral bodies (Fig. 1) . This mass had a maximum thickness of 10 mm in the middle, tapering at both the T-4 and T-12 vertebral bodies, and the spinal cord appeared to be displaced and compressed anteriorly against the posterior aspect of the vertebrae, with a significant reduction in the AP diameter of the spinal cord. Despite the marked compression, there was no spinal cord signal abnormality. The epidural lipomatous mass followed the normal fat signal in both pre-and post-suppression techniques. The post contrast images did not reveal any significant enhancement. There was no evidence of disk or vertebral column signal changes, and brain MRI study was normal.
The patient underwent posterior thoracic laminoplasty from T4 to T10 vertebral levels. A dorsally located and relatively vascular firm epidural fatty tissue was encountered, which was not infiltrating the bone or the dura; it was dissected easily and completely removed in one piece. Histological examination of the operative specimen demonstrated vascularized mature fibro-fatty tissue consistent with the diagnosis of lipomatosis (Fig. 2) . The patient had an uneventful postoperative period; within a week, he was experiencing gradual improvement in his paraparesis, his numbness had diminished, and he was able to walk with support. He was discharged on the 9th postoperative day.
He continued to show progressive neurological improvement with extensive outpatient physiotherapy program and was able to walk unassisted after 3 months. His sphincter function had recovered with adequate spinal cord decompression on follow-up MRI scan (Fig. 3) . At 4-year follow-up, his examination revealed a completely recovered neurological function.
Discussion
Spinal epidural lipomatosis, particularly of the idiopathic type and located in the thoracic spinal region, is a rare occurrence. We conducted a comprehensive review of the available English literature on SEL occurring in the thoracic region, noting the most common associations of SEL and summarizing the current trends in management.
Our case is unique in that it is one of the few cases to report idiopathic SEL affecting the thoracic region in a non-obese, healthy adolescent patient. Moreover, idiopathic SEL is rarely reported in adolescents and children of 16 or less year of age in general. A case by Lee et al., was reported in a 16-year-old female, who presented with chest pain [6] . A literature review revealed only 13 cases that matched the characteristics of our present case. These studies are illustrated in Table 1 .
Koch et al. believe that the underlying pathogenesis of SEL is unknown [7] . Direct compression of the nervous structures and ischemia are the two most important mechanisms involved in producing neurological symptoms [7] . Specifically, the ischemic and necrotic appearance of the fatty tissue attests to the role of ischemia [7] . After a review of the literature, it has been found that SEL falls into five categories: exogenous steroid use (the most common cause of SEL), endogenous excess secretion of steroids, Cushing syndrome, obesity, and the idiopathic group [1] .
Back pain is the most common symptom associated with SEL and the first presenting symptom in most cases [4] . Moreover, progressive lower limb weakness has also been reported to be common in SEL patients [4] . Other symptoms such as sensory symptoms (i.e., paresthesia, numbness, radicular symptoms, and sphincter malfunction) can be present but remain rare [4] . Objective findings in physical examination include weakness, change in tendon reflexs, and decreased pain sensation [4] . Nevertheless, symptoms depend solely on the level of compression; compression in the thoracic region will produce myelopathic symptoms, while compression in the lumbar region will result in radiculopathic symptoms [4] .
Since the report of the first SEL case, myelography and computed tomography (CT) scan have been the main imaging modalities for the diagnosis of SEL [8] However, MRI scan is more sensitive and specific than myelography and CT scan, since the latter demonstrate signs that can be misleading in diagnosing SEL [8] . SEL appears with an almost characteristic appearance: increased signal inten- sity on T1-weighted images and intermediate signal intensity on T2-weighted images [4] . When correlating spinal level involvement with SEL causes, it was found that cases of SEL resulting from obesity had the highest percentage of lumbosacral involvement. However, there were no identifiable trends with other causes [1] . Moreover, there have been no reported cases of SEL affecting the cervical spine alone; rather, reported cases usually mention the involvement of the cervical spine when the whole spine is affected [1] .
The main treatment options offered to patients with SEL are conservative therapy and surgical intervention [4] . Conservative therapy is usually beneficial for SEL cases that result from steroid use and obesity, through the tapering of steroid used and weight loss, respectively [4] . Cases of endogenous endocrinopathyinduced SEL must be treated first before attempting to decompress the spine [4] . Finally, in idiopathic cases, where there is no identifiable cause, conservative therapy alone has no role in treatment [4] .
Meanwhile, surgical intervention is considered a second-line treatment in all SEL categories except for idiopathic cases [9] . However, when a neurological compromise is encountered, a decompressive laminectomy -or, as in our present case, laminoplasty in children and adolescents -and excision of the compressive fatty tissue is the only modality of treatment [9] .
Conclusions
SEL is a rare disease causing spinal cord compression due to accumulation of adipose tissue, which is commonly reported with endogenous or exogenous steroid excess or obesity. Idiopathic SEL, in which no predisposing factors can be identified, is very rare, particularly in healthy children and adolescents. The diagnosis is made, with high accuracy, with the use of MRI accompanied by different sequence modalities. Asymptomatic individuals are treated conservatively, but those who present with progressive neurological deficiencies should be treated urgently with spinal cord decompression and removal of the fatty tissue, preferably through laminoplasty for children and adolescents.
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